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DISTRIRUTION OF THE ATOMIC COMFOMENT IN THE LOCAL INTERSTELLAR
MEDIUM. 1) THE WARM NEUTRAOL INTERCLOUD MEDIUM (WMM) .

W. 6. L. Foppel. . Marronetti. . Benaglia.
Instituto Aragentino de Radicastronomia

RESUMEN : Se usaron dos extensos atlas de perfiles de la 1L-
nea de 21 cm del HI para estudiar la comporente Libia newbtra
del medio interestelar. £l método se bags &n el andlisie
gaussiano de las contribuciones de dichs compornente a 1a
emisidén en loe perfiles. Los princivales resultados estan
resumidoes en las Figuras 1 v 2 aue dan las respectiv fi s
tribucicnes de la densidad de columna N, v de la velocidad

-
radial V en funcién de ia posicién 1. b .

ABRSTRACT : Two atlas of profiles of J1l-cm have been used
for computing the Hli-emission due to the WHM (Heilles & Ha-
bina 1974 and Colomb, Foppel and Helles 1980). The method
is based on a Gaussian approximation of the contributicons
af the WNM to the profiles. The main results are summarized
here in the form of two maps showing the distributicons of N
and of the radial velocitvy respectively as a furction of 1
and b (Figs. 1 and 2).

H
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» INTRODUCTION.

In this papér we make & globzl study of the kimnematics and the distribution
f the warm neutral intercloud medium (WNM) for the whole skv at |b] 2 1@°-
2°. For this purpose we use both the HI-atlas bv Heiles and Habirag (1974,
nd the one by Colomb, Féppel and Heiles (1980). Roth toagether form & verwy
arae homogeneous data set obtained with a beamwidth of =~ ?,.5% @.8° and a
plocity resolution of 2 2 km/s. Az the paper will be pubklished elsewhere in
ptail. here we present only some of the main resulte. In a forthcoming paper
2 shall analyze also the cool neutral component of the local HI.

Since the optical depth of the WNM is verv low., ite contribution to a Zi-cm
ine can be approximated by a Gaussian component, at least for galactic
atitudes b beinag not too low (cf. Radhakrishnan et al. 1972, HMebold 19723,
smputations by Olano show that the emiszion due to the WNM can be well
pproximated by Gaussian curves for |b| > 10° ( FSppel et al. 1982). In spite
f the difficulties which are intrinsical to a Gaussian analveis (cf. Cappa
2 Nicolau and Fdppel 1986). we think that it can give us a good aualitative
nsight into the overall distribution and kinematics of the WM. provided
hat its spatial distribution is not very irreagular along the line of sight.

There are two effects however, that could distort the results laraelv,
amely, I) abserption and blending effects due to very cold gas layers and,
I) spurious contributions due to stray radiation.

We have intgnded to diminish the first effect at larae scale bv considering
nly ]b] > 107, The second effect canr be quite disturbing for a studv of low

ignals (cf. van Woerden 1962, Kalberla et al. 1988). We shall return to this
elow.
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I1. METHOD.

The computational method sulted for our Gaussian analveis assumes that the
Wi has a continuous distribution on sky. itg parameters varvinag  smoothlwy
with position. These are the amplitude T, the central velosity V. and the
velocitv dispersion o. For ]bJ 2 60° we conzmidersd cells 4t 1fkmrv ls of 10°
in 1. b each one being 5%x WJdP in 1. b. For 'b| > 40° the intervals in 1
were of 20° and the cells 10%: 4° wide. I addition we considered abowt
) cells of latitudes b o= and b = +355°, Both polar caps have been aleo

corsidered. The values [b| = 10° were mostlv ewcluded because of the
considerable blendinag due to the cold clouwds at  these latitudes It i

aszumed that the WNM doess not present important variations within & agiv
cell.

The selection of the most adeguate Gaussian curve for approximating the WM
within a quTn'cell has beern made by computing the Gaussian curve which Dest

(o xle set of profiles within that cell. The fittino method e &
alaorithm, applied to a zeguence of Gaussian curves definecd by
parameters within aiven intervale. For each orofile the
with the Davssian curve  arge  evazluated aveoiding the interva
are cther (narros) components present or the Gaussian  winos

profiles per cell varied from a few
lb{ The ouwalitvy of the fitbtinag errP@d throuwot  vwisual
Jf the results in 2 soresn terminal by o the profiles of
about 1% Y and computing the corresponding r@nxdu'l orofi bes,

lb' ~ #0° to more than

worbed ovite sstrsfactory in most of the ocases. At frmge ce“‘ﬂ
vndinu with narrow components was larae, the method did not converae.
"ovisual " omethod wss trved by dnspectino the  residual DFLfll”“

reern terminal . When this did not work the cell was left " blambk .

We considered 4246 cells from which 320 were analvzed bv the  leasst  souares
fittinmg program, 77 visually and 29 were left bilanb. fSbkouat 29 cells in  the
thern = ac) & very low signal, with zn areas or - the curve  below 38
) ‘m,. which we fixed as our sensitivity limit. Thev correspond  to real
Foles in the distribution of the WNM on the sky. Mfter checkino all the
results on the screen az mentioned above. 1t was found that the least souares
fitting could be comsidered as quite good i 894 of the cases. ang
satisfactory for the rest. i

The total numbher of the profiles included in ouwr  analvels was 191 {
about 17% of all of the avalaible profiles). It is rather difficult *to
estimate the errors of the fitting method. The accuracy of the parameters
found is simply given by the size of the spacements AT, AV and Ao emploved.
We used AT = 0.5 K and AV = Ao = 1 km/s. The real size of the errore in  the
Gaussian fitting is produced by guite different and uncontrollable effects.
like contribution of strav radiation and blending by cool acas. For further
details about the computational method we refer to Marronetti (198%9).

I11. RESULTS AND CONCLUSIONS.

The results of our analvsis of thefWNM are summarized here in the form of

two maps namely., one showing the distribution of the column density NH (Fig

1). and the other one 5howino'that‘of the radiél-velocity V (Fig 2), both as
a function of galactic coordinates 1, b. The map of V has been linearly
smoothéd by averaging the values Dver areas of about 10%: 10°

Regarding the overall structure of the WNM severa} ageneral conclusions are

apparent from these maps. It is important to remark that, unlike previous
papers which did not separate the cool component from the warm one when
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nalvzing the overall structure of the low-velocity HMI. our results gl i
he WNM separately. since the cool one has rather different oroperties.

From Fia.d it 1s acparent that the dietribution of NH is not svmmetric with

espect to the calactic plane. Definitely hicher values of NH arg found  in

he zoutherrn hemi tharn in the northern one (cf. Oleary @&t al. 19795,
1thouah there i trend for stratification of the WHF at ]bl < 40° . it
rems clear that its oeneral distribution is ocuite irreaular, thus, rmolving
arge deviations from the cosec b-law (Feies arnd Wesselius 1972y, At iower
atitudes ( rb| ~ 1@%-26° ) veral irtenss oclumps  can be diztinauises
hich probably arise from more distant features loccated near  the oalactic
lane. :

w

in the northern hemisphere an «b"mlutw hole in the distribution of the
. . - (=] . . . - .

5 apparent. It is centered near 1 ~ 150°, b ~ 0T (of. Weszelius  and Feie
F73) havimo a dismeter of about 40°. In the southern  hemnisphere there B

_ " : ! SErE
A0 minima. The larcer one . being ratn&r irreaular. s centercd at | ~ 0", b
;O o - R F N .
~&ET with & di mmefar of about 4@°. The other one. of zlongated shave. im

zntered at 1 ~ 740°, b~ ~5ES e Clearv et al. 1979).

A remarkable fact iz that the nortrern pole of the Gould' s bhelt (i.e. 1

g © - (=] . b e e, . . . .
37, b > 727, avcording to Stothers and Froocel 1974 i jocated within :
arthern hole eccentricallwy fof. Wesselive and Feiss 19751, wibid e v her

mthern pole falis iust within the larger southern minimum.

A comparison of Fig. 1 with the whole-skv maps of the contirmoan i
L1850 MHz ( Landecker and Wielebimski 1970 ) and 2B MMz (Drdoe and
736} reveals soms triking correlationsz. Examples are the counte
ta. b of the Morth Folar Spur oo 1Y as well as of the northern
mthern minima of the comtinuum, s thouch their centers in Fio. A
mewhat disctaced toward hicher lat:tudes.

In Fio. 1 there seem $0 be also correlations with th@ more mrominent
FLooo I1I at 1 =~ 108 and 1 =~ 160°, both at b ~ 20°%- 40° (cf. al
1d Jeniir 197& and Cleary et al. 1979, and Loop IV (cf. Feies
?@o. b o~ BET~ &G defined in the maps of bhe continuum  at
Arithurisen &t al. (1971). E
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Fig. 1. Distribution of Ny.
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On the cother hand. it is well-known that the total neutral hwdrooen column
densitv is roughly anticorrelated with the observed intensity of the szoft
X-ray diffuse backaround at enercies lower than @.28 keV (cf. McCammon et al.
1283). A comparison of Fig. L with the B and C-band maps of McCammors et =al.
{1983 shows a correspondence between several soft X-rav features of large
intenzity and low intersitv regicns of the WHM.

From Fio. ? we see that at low latitudes ( scav at |b| < 20° . the
kinematics of the WNM is rouahlv consistent with zimple tgalactic differential
rotation. Important deviations are svident however . the most notorious  being
the distortions of the lirnes of nodes ( V = @ ).

At hicher latitudes { sav at ]b] > 567 1, the velocities are all regative,
thue implving a general fall of the WM toward the agalactic plarne (cf. Clearv
et al. 1979 and the papers mentiorned there ).

Mow we come baok to the influsnce of strav radiation on the observations.
al. {1991 analvzad the mean error introduced bv stray radiation in
2 and Habing {1974 swrvev.  They have shown  that the total
Xalal NH} could become 10X too larce at their minima at  hiah positive

due to strav radiation. Thus. in particular the boundaries of the

k ld varv {(inocrease) somewhat. Analooousiv. the southern
»with the antenna of the IAR. which had & short dipole  at
known to be affected bv strav radiation. Thus our results
wid be treatesd with some caution. The f&ct, mowever. that
are well consistent witn former results seems to be a sood
thidnbking that strav radietion is not disterting our results vers
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Fig. 2. Kinematics of the WNM.

As a further argument, in Fig. 3_we show the distribution of the mean
values of the velocitv dispersion o found for our Gaussian approximations of
the WNM. fis can be seen, in general o is increasing when |b| decreases, as is
consequent with an increasina of broadening effects by galactic differential
rotation due to the enlarcing of the sampled intervals of distances.
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Fig. 3. Distribution of mean nucleus of the velocity dispersion.
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